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SUMMARY O ed M

Measurements were made of the thermal distortion of & stainless-
steel clad, cadmium-silver reactor control rod furnished by the Argonne
National Laboratory. The temperature pattern in the rod was as follows:
At each cross section, the temperature at the center of the rod was
approximately 430° F and a nominal temperature difference of about 40° F
was maintained between one pair of opposite tips. This transverse
pattern was maintained approximately constant along the rod length. The
tests were repeated with the transverse temperature gradient rotated
180° with respect to the rod.

The maximum reduction in clearance caused by thermal distortion was
0.203 inch. This reduction in clearance was approximately independent
of the direction of the transverse temperature gradient.

INTRODUCTION

Determinations of the thermal distortion of a stainless-steel clad,
cadmium-silver core control rod for the Argonne Naval reactor were made
at the NACA lewis laboratory. The control rod was furnished by the
Argonne National Iaboratory. Distortion measurements with estimated
temperature ratterns intended to simulate certain reactor operating
conditions are presented in references 1 and 2. Measurements are pre-
sented herein of thermal distortion with a temperature pattern which is
not intended to simulate any particular reactor operating condition, but
to show the effect of maximum transverse temperature gradients (as limited
by test facilities) with constant longitudinal temperature.

The control rod used in this invegtigation is the one discussed in
reference 2.
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APPARATUS

The test setup as used for this investigation i1s the same as that
described in reference 2. The following parsgraphs contain a brief
description of the apparatus used:

Q922

Control rod. - The control rod consisted of & 25-75 percent cadmium-
silver core, clad with stainless steel. The rod cross section is in the
shape of a cross having e span of 4 inches. The total arm thickness is
7/32 inch consisting of 1/8-inch core alloy with a stainless-steel
cladding thickness of 3/64 inch. The over-all length of the rod 1is
53.75 inches.

The rod had several cracks in the welded portions of the cross tips
as reported in reference 2. These fallures did not increase in size
during the tests reported herein.

Method of supporting control rod. - The control rod was mounted
vertically with the fixed end at the bottom. The vise which holds the
control rod was bolted indirectly to the mounting plate through insulat-
ing material to reduce the heat flow to the mounting plate. Strain
gages were located near the clamped end to ensure freedom from initial
stress while clamping.

Method of obtaining temperature distribution. - The control rod was
heated by a 75 KVA induction heater as in references 1 and 2. The axial
temperatures were held constant by adjusting the axial spacing of the
heater coil turns. The transverse temperature gradients were obtained
by arranging the heater coil and control rod nonconcentrically and by
a series of air jets mounted along the rod and directed toward the center
of the cross. The air-cooling system is described in reference 2.

Method of measuring distortion. - Distortion of the rod was measured
by dial indicators as in references 1 and 2. Normally two indicators
were located at each tip of the cross in five transverse stations as
glven in table II. The indicators were mounted on four supports which
were fastened to the same mounting plate as the control rod. The supports
were Insulated to prevent thermal conduction and were protected from
radiation. They were also instrumented in order to indicate any motion.
Fused quartz rods about 12 inches in length were used to transmit the
motion of the control rod to the dial indicators. The reproducibility
of the indicator readings was 10.002 inch.

RESULTS AND DISCUSSION b
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temperature pattern 1n the rod was as follows: At each cross section
the temperature at the center of the rod was approximately 430° F and a
nominal temperature difference of about 40° F was maintained between one
pair of opposite tips. This transverse pattern was maintained approxi-
mately constant along the rod length. The test was repeated with the
transverse temperature gradient rotated 180° with respect to the rod.

The thermocouple locations and the corresponding surface temperatures
obtained experimentally are listed in table I. As indicated in the
diagrams, the distance of the transverse station from the free end of the
control rod in inches is represented by Z, and the thermocouple locations
at each value of 2Z are designated by numbers from 1 to 16. As indi-
cated in the table, 16 thermocouples were not installed at all values
of Z.

The control-rod distortion resulting from the temperatures of
table I are shown in table II. The displacement at each point on the
rod is fixed by the values of Ax and Ay with their proper signs.
The values are with reference to the unheated position of the rod.

In tables I and II, run 2 is a repeat of run 1, and run 3 represents
approximately the same longitudinal temperature pattern as in runs 1 and
2 with the transverse temperature gradient rotated 180° with respect
to the rod.

Distortion of control rod. - The displacement of the tips of the
control-rod arms are plotted in figures 1 and 2. Figure 2 indicates the
distortion with the same nominal temperature pattern as for figure 1, but
with the transverse temperature pattern rotated 180° with respect to the rod.

The distortions shown in figures 1 and 2, as to be expected, are
opposite in sign. The plots indicate that the rod distorts about the
same amount in either direction. Although the actual temperature
patterns are somewhat different for the two tests (see table I, where
runs 1 and 2 represent the pattern for fig. 1 and run 3 for fig. 2),
the maximum distortion of the center of the rod agrees within 0.006 inch
in the Ay direction and within 0.010 inch in the Ax direction. The
maximum reduction in clearance shown in both figures 1 and 2 is about
0.203 inch.

SUMMARY OF RESULTS
The results of tests on the distortion of a stainless-steel clad,
slilver-cadmium reactor control rod under the influence of a constant

transverse temperature gradient and a uniform longitudinal temperature
distribution can be summarized as follows:
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1. The maximum reduction in clearance obtained in the tests was
0.203 inch.

2. When the test was repeated with the transverse temperature
pattern rotated 180° with respect to the rod axis, the amount of the
reduction in clearance was unchanged.

Lewis Flight Propulsion Laboratory
Nationel Advisory Committee for Aeronautics
Cleveland, Ohio, August 9, 1951
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TABLE I - TEMPERATURES
Free 1
end
I ] 16¢ ¢2
z U g
13 H
12 7 8
100 ¢8
Fixed
end ' 9
o
Thermocouple location
z Run
(inJ) 1 2 3 b s 3 7 8 9 12 1) 12 13! W] 15| 16
1 1 | L9 | LB | L26) L29 | L | 418 | L19| 398 387 | 40O | 395 | 415 | Lo9 | 358 | k26 | Lk9
2 | Lhb| Wu6 ! L33G L3 L22§ L2S | W12 | hol | 3661 386 | 387 | Lak | LOr | 369 | uOT | hik
3| LSO | uST{ WSS | uTO| L6O | 462 | W66 | 466 | L6S | L66 | 465 | LSS | WS LS9 | uss
8 1 | LSO 430 | L36 ) L21 | 393 | 388 2 | ka1 | Lk | WS
2 | LS 435 | WIS | kol | 3881 385 408 | 407 | LOS | L2§
3 h39 LS9 | LS9 | LS2 | L6O | 47O LS | LbS2 | LLO | Li2
15 1 | Ls) | LS2 § L3 | LLB | LLT | LLS | 4301 k23| L3O | W16 LLO | L6 | LhS | 44O | LSS
2 | LSL| ks6 | LSu | W53 | LS3 | LS3 | W37 | W32 | k29 LS1 | bSO | LSO | LSO | LSS
3 U430 | U430 | 429 | WL} W43 | LLY | L3B | 456 | L6O LLY | LLB | Lh7 | W1 | L32
22 1 | L54 L35 | L30 | L13 | L2 | L6 439 { 369 | 430 | y24
2 LSk b32 | L33 | L20 | LO9 | 395 406 | 377 { LO6 | LO6
3 16 L28 } L3O | 425 | LT | LSO Lol ny
29 1 | L63| LST ! L30| LSO LS3 | LS2 | L32 ) 430 LIB | 429 | L20 | 436 | L3k | W37 | L3S | LSk
2 L69 | L63 | L5 ] WSE | LS9} LS9 | LS2 | LuL | L3S | L3S | L10 | LY3 | ik | L1S | L | uSY
30 L9} L3S | L1 ) LSY | LSS | LSS | LIS | LSB | L6D | L6S | LL9 | LiB | LLB | LS | 439 | L3S
36 1| uss 439 | L30 ] k20| W19 { lLas LS1 | 450 | Lld | 4SS
2 | Lu6s Lldy | L3L | W17 LO7 | LOG Lx2 | L19 | b26 | ST
3| 430 Lh2 | L2 | 439 | L6L | u62 bS1 | L4T | u38 | L2S
L3 1 LeL | L6Y | LLT| WS2 | L62 | LSk | B2B | b31 | Lhz | 435 ) 437 | &0l k&3 | x60 | 41 | K63
2 | L7 WTu ] LTO| W70 | W70 LY | U39 LL9 | Lu9 | Lk9 | L& | WO | k1O | L6Y | LEY
3 0 430 L25| 423 37| Lu7| W3 | 429 LSO ! LT | 860 | 430 | L3S | 437 | L3k | 422 | k3o
S0 1 | us? 405 | 1S | L1S ] L26{ LO6 410 § 422 | U3 | uSh
2 | L6Y Lo7 | 407 | Los | LOB | LO6 WOS | LA | Lk | W61
3 L23 428 L3S | LSB | LB1 | LGS 32 | Wi | 4S8 | W7
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TAKLE II - DISTORTION g
: !
Free
end " g
I L |
z L7 95 §
IR o
i
‘ Motion in this direction, Ax +
Pixed r—
ond 9
Gage location
2 fm Displace-
(1a.) went 1 - 9 3
(1n.)
2 1 ax «0,007 0,004 | -0.000 | -0.00%
Ay -.168 =177 -.183 -17n
2 ax -.011 -+00% -.019 -.027
Ay =17 -.185 -.191 -1
’ ax ‘om ’om -.QJ‘ -.022
sy 272 .160 152 159
10 1 ax -.00k | .004 | -.009 .33
Ay =120 ‘.127 'om had 2
2 Ax -.010 | .000| -.035 | -.010
[\ 4 -123 -.131 -, 142 -, 128
3 ax -.008 | -.003 | -.003 | ~-.016
A’ llu .ns .lw .ul
20 1 AXx +003 .007 -.004 -, 000
A’ -.066 '.m -.m “om
2 ax -.002 =00 -009 -.007
Ay '-o"h 0.& ‘om -.“2
3 AX 07 007 em -.007
Ay -075 -& .060 oo_’o
’s 1 aAx -.WJ cm ——t "a“
Ay -on
2 Ax -o“ om. —— 0.”
Ay -.On
3 Ax -OIB om -,001 -nm
Ay o
52 1 Ax —— «003 ——— -.003
AY 001 — - 010 —m—
2 Ax — 002 — - 000
ay 02 | | -.008 | —
3 Ax —— +008 — ‘-”
A’ 002 —— -,m ———
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Figure 1. - Distortion of control rod with maximum temperature
occurring et station 1. Runs 1 and 2.
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(a) variation of Ay with Z.
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(b) variation of Ax with 2.

Figure 2. - Distortion of comtrol rod with maximm temperature
occurring at station 9. Run 3.



